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Abstract: Highly reactive decomposition products of (deuterated) chloroform can deteriorate 

samples dissolved in this commonly used NMR solvent. For sensitive samples (such as peptides, 

unsaturated fatty acids, vitamins), this can lead to abnormal NMR spectra (e.g. signal shifts 

depending on pH, attenuation of signals over time due to chemical changes of analytes, new signals 

from reaction products). Such irreproducibly influenced spectra are especially problematic for non-

targeted analysis methods. To prevent these artefacts, chlorine, phosgene and hydrochloric acid 

need to be eliminated from deuterated chloroform prior to its use. Since the common stabilization 

methods have proven insufficient for sensitive NMR samples, another purging method has been 

tested: Mitigation is easily and reliably achieved by washing the deuterated chloroform with 

concentrated Na2CO3-solution and subsequent desiccation with oven-dried Na2CO3. 
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1. Introduction 

Deuterated chloroform (chloroform-d) is a solvent widely used in NMR 

spectroscopy, due to its broad usability and comparably low price. On the other hand, it 

is well known that chloroform readily reacts with oxygen in a radical reaction, accelerated 

by light and yielding elemental chlorine, the highly toxic phosgene and hydrochloric acid 

[1–3]. In presence of water, phosgene is subsequently hydrolysed to carbon dioxide and 

hydrochloric acid (see F. 1 to F. 4). Even a low degree of chloroform-d decomposition will 

yield considerable amounts of aggressive reactants and lead to a pH-shift.  

 CHCl3 + O2 
h∙ν
��  Cl3COOH  (F. 1)  

 Cl3COOH →  Cl2 + CO2 + HCl  (F. 2)  

 Cl3COOH →  ����� + ��� + 1
2�  O2  (F. 3)  

 COCl� + H�O →  CO� + � ���  (F. 4)  

 

This laboratory, as a part of the official food surveillance in the federal state of Baden-

Württemberg, analyses a wide variety of samples, many containing unsaturated fatty 

acids or amino acids or vitamins. These substances are labile against acidity or 

degradation by chlorine, hydrochloric acid or phosgene, a powerful organic reagent [4,5]. 

This is especially problematic if the NMR spectra are intended for non-targeted analysis 

of samples, where high reproducibility of the data is a prerequisite for a reliable 
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evaluation. Even slight changes in the sample solution can lead to shifts of signals in the 

spectra and can thus severely influence the chemometrical evaluation.  

To quench the phosgene formation and therefore to stabilize the chloroform, usually 

a minor amount of ethanol, hydrocarbon or silver tape is added to chloroform. Ethanol is 

interfering in the radical chain reaction and converts phosgene to ethyl chloroformate [6]. 

In another way, chloroform is stabilized with traces of a hydrocarbon (e.g. cyclohexene, 

2-penten, amylene). However, these act more as hydrochloric acid scavengers than as real 

stabilizers [6,7]. Since organic additives would lead to undesirable extra signals in NMR 

spectra, chloroform-d for NMR usage is often stabilized with silver tape as a halogen 

radical scavenger.  

NMR spectra of samples in chloroform-d irregularly but repeatedly showed hints at 

sample deterioration and slight changes in pH value, despite of the usage of silver-

stabilised chloroform-d stored in the dark. Even recently purchased, unopened bottles did 

not provide reliable assurance against deterioration and tainted spectra. Closer 

examinations let us presume chloroform deterioration is indeed the cause. An online 

research yielded only hints on how to quench chloroform with activated alumina or 

carbonate salts, but no detailed work instruction. Thus, the reliability of an easy method 

to purge chloroform-d of phosgene and hydrochloride was tried and tested.  

The influence of “biting” chloroform on NMR samples was discussed at a recent 

German NMR conference, several laboratories had similar experiences, and thus a simple 

and reliable method preventing sample deterioration and bad spectra seems valuable. 

2. Materials and Methods 

Chemicals 

Chloroform-d (99,8% deuterated, density approx. 1.5 g/mL, C. Roth, Karlsruhe, 

Germany); tetramethylsilane (“TMS”, >99.9%, C. Roth, Karlsruhe, Germany). Sodium 

carbonate, anhydrous (K2CO3 could also be used, but phase separation will be hindered 

because its concentrated (>5 M) solutions have densities similar to that of chloroform-d.)  

(>99.9%, Sigma Aldrich (Merck), Darmstadt, Germany), (oven-dried > 24 h at 130 °C to 150 

°C); sodium carbonate solution (aq.), 10 % m/v (~1 mol/L), density approx. 1.1 g/mL [8], 

aluminium oxide (activated, basic, Brockman I; Sigma Aldrich (Merck), Darmstadt, 

Germany)  

Preparation 

The initial volume of chloroform-d should allow for a loss of approx. 5% to 10%, this 

part is not efficiently recoverable after phase separation and drying. Plugs, sleeves for 

glass joints and seals should be made of PTFE, because chloroform attacks many other 

polymers.  

Approx. 7 parts (v/v) of chloroform are mixed with 3 parts of the Na2CO3 (aq) solution 

and stirred or shaken vigorously for 5 to 10 minutes. The lower phase (chloroform-d) is 

separated for further processing; the aqueous upper phase should be disposed of as waste 

containing organic halogen. 

To shake out small batches of chloroform-d, rather more carbonate solution is 

needed, ensuring a clearly visible phase boundary. Conical test tubes and a Pasteur 

pipette facilitate the handling of small batches.  

The 10% carbonate solution ensures an excess to completely strip off traces of 

phosgene and hydrochloride. If there is concern that the chloroform-d is very old and 

potentially highly deteriorated (e.g. bubbling of CO2 can be detected), the chloroform-d 

should be shaken out again with fresh carbonate solution.  

Afterwards the chloroform-d is filled into a tightly closing brown glass bottle with a 

portion of oven-dried sodium carbonate. Approx. 50 g drying agent per litre chloroform-

d have proven sufficient to bind residual water. For chloroform-d quantities of only a few 

millilitres, a slightly higher soda ratio is recommended, since a higher portion of tiny 

water drops cannot be separated beforehand.  
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The filled and closed bottle should be preferably shaken, not stirred for two hours to 

enhance the removal of water residue. If a magnet bar stirrer is used, the soda could 

abrade PTFE particles into the liquid. The chloroform-d should be allowed to stand 

overnight to precipitate carbonate particles.  

Immediately before usage, the “defanged” chloroform should be membrane filtered 

with a PTFE syringe filter to keep any particles out of the NMR sample. 

3. Results 

3.1. Example 1: Fat extracts of hens’ egg yolks  

The unwanted sample deterioration due to deteriorated chloroform-d was first 

observed when testing hen’s eggs: To verify if samples come from organic production or 

not, a non-targeted method was developed by CVUA-KA’s NMR laboratory [9]: Egg yolk 

is treated to yield a fatty extract, which is then measured by 1H NMR. The spectrum is 

evaluated chemometrically and compared to a database of authentic samples (from both 

organic and conventional agriculture).  

Intermittently the score plots of whole sample series were unexpectedly far “off 

model” (see Fig. 1), a check of the spectra revealed slight, but systematic shift changes of 

some signals (see Fig. 2).  

 

Figure 1. Score plot of egg samples (untreated chloroform-d was used) with very conspicuous 

sample scores having a very large offset. Sample scores labelled “B” (B for bio/ organic farming) 

should be in or close to the green right confidence ellipsoid, sample scores labelled “K-F” or “K-B” 

are expected close to or in the left, yellow cloud (K for conventional, F for free range, B for Boden, 

i.e. ground; unknown for undeclared keeping). 
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Figure 2. Superposition of thirteen 1H-NMR spectra of fat extracts of egg yolk samples from different 

preparation batches. Solvent was untreated chloroform-d and MeOD-d4 (3/2, v/v). 1H -NMR spec-

tra, 400 MHz, 290 K, referenced to δTMS = 0.00 ppm. The zoomed sections (on top) show NMR reso-

nances with inconsistent chemical shifts, presumably due to untreated chloroform. Under chemo-

metrical evaluation, these signals will end up 3 to 10 bins away from their usual position due to the 

shift differences of ca. 0.01 to 0.03 ppm. 

3.2. Example 2: Fat extracts of fish  

The irregular NMR signal shifts due to untreated chloroform-d, which were observed 

in spectra of hen´s egg samples, raised the question whether other food matrices were also 

affected. As mentioned before, unsaturated fatty acids are sensitive to degradation by 

chlorine radicals. Since fish fat contains a high ratio of unsaturated fatty acids, it was sus-

pected that this matrix might also be affected. Furthermore, residual water and degrada-

tion products of untreated chloroform-d could lead to a general signal shift of polar me-

tabolites in the 1H NMR spectrum of fish fat samples. These shifts can lead to degraded 

separation or even incorrect conclusions in subsequent multivariate data analysis of the 

samples. Especially in the range from δH = 8.0 – 8.7 ppm, unwanted signal shifts occurred 

due to the usage of untreated chloroform-d (Fig. 3A). By using the defanged chloroform-

d, these could be significantly reduced to shift variances ≤ 0.01 ppm of the respective sig-

nal (Fig. 3B).   
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(a) (b) 

Figure 3. Superposition of five spectra in the range of δH = 7.95 – 8.75 ppm of fat extracts from trout 

samples. (a) Solvent was untreated chloroform-d and MeOD-d4 (2/1, v/v); (b) “defanged” chloro-

form-d and MeOD-d4 (2/1, v/v). (1H-NMR spectra, 400 MHz, 290 K, referenced to δTMS = 0.00 ppm). 

Furthermore, when untreated chloroform-d was used, signal shifts were detected in 

the spectral region where the signals of the phospholipids appear, (Fig. 4A). Similar to the 

signals in the previously described high-ppm region of the spectrum, these shift variances 

could be reduced by the application of defanged chloroform-d (Fig. 4B). Besides, the sig-

nal structure of the choline signal also changed at 3.2 ppm (Fig.4).  

  

(a) (b) 

Figure 4. Superposition of five spectra in the range of δH = 3.21 – 3.33 ppm of fat extracts from trout 

samples. (a) Solvent was untreated chloroform-d and MeOD-d4 (2/1, v/v) and (a) “defanged” chlo-

roform-d and MeOD-d4 (2/1, v/v). (1H-NMR spectra, 400 MHz, 290 K, referenced to δTMS = 

0.00 ppm.). 

3.3. Example 3: Coffee extracts  

Undesirable signal shifts were also observed in NMR spectra of coffee fat extract. 

Here, for multivariate data analysis, the lipophilic metabolites of coffee were extracted 

and measured by 1H-NMR. The irregular signal shifts occurred predominantly in the 

range of δH = 8.0 – 9.2 ppm (Fig 5A) and could be reduced by the application of defanged 

chloroform-d (Fig 5B). Using chloroform-d treated by the method described above, shifted 

NMR signals were no longer observed.  
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(a) (b) 

Figure 5. Superposition of ten spectra in the range of δH = 7.9 – 9.3 ppm of a fat extract of the same 

coffee sample. (a) Solvent was untreated chloroform-d and MeOD-d4 (1/1, v/v)) and (a) “defanged” 

chloroform-d and MeOD-d4 (1/1, v/v). (1H-NMR spectra, 400 MHz, 290 K, referenced to δTMS = 

0.00 ppm.). 

3.4. Removal of residual water  

Two sets of NMR samples were prepared, the first using defanged chloroform-d just 

desiccated for one hour by shaking with oven-dried sodium carbonate, the second using 

defanged chloroform-d desiccated more thoroughly by shaking with oven-dried sodium 

carbonate for 2 hours and then a rest period overnight before sample preparation.  

  

Figure 6. Superposition of 24 spectra in the range of δH = 4.1 – 5.5 ppm of fat extracts of the same 

coffee sample. The water signal is highlighted in blue. Solvent was defanged chloroform-d and 

MeOH-d4 (1/1, v/v). For one set (a dozen spectra, green) the defanged chloroform-d was shaken for 

one hour with oven-dried sodium carbonate (green spectra), then used immediately. For the other 

set (a dozen spectra, maroon) the chloroform-d was shaken for several hours with oven-dried so-

dium carbonate and allowed to stand overnight (purple spectra). (1H-NMR spectra, 400 MHz, 290 

K, referenced to δTMS = 0.00 ppm.). 

As shown in Fig. 6, one hour of shaking with oven-dried sodium carbonate is not 

sufficient to remove residual water. The procedure A more thorough desiccation, as de-

scribed in the methods above, can further reduce the residual water resulting in improved 

1H NMR spectra in a smaller and narrower with only weak water signals in the 1H NMR 

spectrum.  
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3.4. Alumina as an alternative mitigating agent  

For a quick comparison with another possible option of mitigating chloroform, basic 

alumina was obtained and a portion was added to untreated chloroform-d (ratio: 5g per 

100 mL), then the mixture (slurry) was vortexed for ten minutes. Afterwards, the alumina 

was separated by filtration and the clean, treated chloroform-d used to prepare exemplary 

samples of egg fat, olive oil and coffee extracts for NMR analysis. Each group of replicate 

spectra was very well aligned, no relevant signal shifts could be found, but the treated 

chloroform had a much higher CHCl3-Signal compared to the untreated chloroform. Prob-

ably Alumina seems to speed up the D-H-exchange of CDCl3, not unexpected, considering 

the relative acidity of chloroform and alumina’s alkalinity.  

  

Figure 6. Superposition of four 1H-NMR spectra of fat extracts of egg yolk samples. Solvent was 

chloroform-d (treated with alumina) and MeOD-d4 (3/2, v/v). (1H-NMR spectra, 400 MHz, 290 K, 

referenced to δTMS = 0.00 ppm.)  

Graphic layout is similar to Fig. 1; no strange chemical shifts are visible. Under chemometrical eval-

uation, no erroneous binning is to be expected and further evaluation of the data will not be hin-

dered. 

4. Discussion  

As described in the results of example 1 to 4, signal shifts and changes in signal shape 

were observed when non-treated chloroform-d for the NMR measurement was used. To 

the best of our knowledge, there is no literature, which describes NMR signal shifts and 

changes in signals shape because of decomposition products in chloroform-d. As de-

scribed before, chloroform can be stabilized in several ways with ethanol being the most 

efficient way [10–12]. However, the usual stabilising agents for chloroform have certain 

disadvantages if the chloroform is intended as an NMR solvent: They lead to additional 

unwanted signals in the 1H NMR spectra (ethanol, amylene) or do not remove all of the 

aggressive decomposition products (silver foil). As described by Fuhrmann et al., Moody 

et al. and Verpoorte et al. [11,13,14] decomposition products in chloroform can react with 

components containing a piperazine-ring, phospholipid fatty acids or nitrogen containing 

compounds. This led to a loss of analyte, artefact formation and formation of undesired 
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reaction products. The reaction of the decomposition products of chloroform-d with the 

sample might be the reason of differences in the signal shape of choline in the fat extracts 

of fish or the appearance of new signals can occur.  

Furthermore, Tsujikawa et al. measured an acidic pH value of insufficiently stabi-

lized chloroform [10]. This could probably lead to the irregular 1H-NMR signal shifts of 

the polar metabolites in the examples above.  

The simple procedure presented has proven so far to reliably remove the problem of 

degraded or pH-shifted (protonated) samples due to chlorine, phosgene or hydrochloride 

in chloroform-d. As the chloroform is stored over sodium carbonate, the removal of phos-

gene and hydrochloride is ensured for at least a week, presumably much longer. A re-

shaking may be recommendable after longer storage at rest.  
 

Author Contributions: Conceptualization, J.T.; methodology, J.T.; validation, J.T., V.G., E.H. and 

K.K.; investigation, J.T., V.G., E.H. and K.K.; writing—original draft preparation, J.T..; writing—re-

view and editing, J.T., V.G., E.H., D.W.L. and K.K.; visualization, K.K.; supervision, D.W.L. and T.K.; 

project administration, T.K. All authors have read and agreed to the published version of the man-

uscript.  

Funding: This research received no external funding. 

Data Availability Statement: Available on request 

Acknowledgments: The authors wish to thank Ms Britta Hauser and Ms Jula Hamm for excellent 

laboratory support.  

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Anonymous. Darstellung von Phosgen aus Chloroform. Arch. Pharm. Pharm. Med. Chem. 1870, 191, 258, 

doi:10.1002/ardp.18701910318. 

2. Schumacher, H.-J.; Sundhoff, D. Die durch Chlor sensibilisierte photochemische Phosgenbildung aus Chloroform, Chlor und 

Sauerstoff und ihre Hemmung durch Alkohole und Ammoniak. Z. Phys. Chem. 1936, 34B, 300–308, doi:10.1515/zpch-1936-

3421. 

3. Kawai, S. Discussion on decomposition of chloroform. J. Pharm. Soc. Jpn. 1966, 86, 1125–1132, 

doi:10.1248/yakushi1947.86.12_1125. 

4. Phosgene and Related Carbonyl Halides; T. A. Ryan; C. Ryan; E. A. Seddon; K. R. Seddon, Eds.; Elsevier: Amsterdam, New York, 

1996, ISBN 9780444824455. 

5. Babad, H.; Zeiler, A.G. Chemistry of phosgene. Chem. Rev. 1973, 73, 75–91, doi:10.1021/cr60281a005. 

6. Cone, E.J.; Buchwald, W.F.; Darwin, W.D. Analytical controls in drug metabolic studies. II. Artifact formation during 

chloroform extraction of drugs and metabolites with amine substituents. Drug Metab. Dispos. 1982, 10, 561–567. 

7. Middleditch, B.S.; Zlatkis, A. Artifacts in chromatography: an overview. J. Chromatogr. Sci. 1987, 25, 547–551, 

doi:10.1093/chromsci/25.12.547. 

8. The Engineering ToolBox. Density of aqueous solutions of inorganic sodium salts. Available online: 

https://www.engineeringtoolbox.com/density-aqueous-solution-inorganic-sodium-salt-concentration-d_1957.html (accessed 

on 27 June 2022). 

9. Ackermann, S.M.; Lachenmeier, D.W.; Kuballa, T.; Schütz, B.; Spraul, M.; Bunzel, M. NMR-based differentiation of 

conventionally from organically produced chicken eggs in Germany. Magn. Reson. Chem. 2019, 57, 579–588, 

doi:10.1002/mrc.4838. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0055.v1

https://doi.org/10.20944/preprints202207.0055.v1


 

 

10. Tsujikawa, K.; Segawa, H.; Kuwayama, K.; Yamamuro, T.; Kanamori, T.; Iwata, Y.T.; Ohmori, T. Phosgene in deteriorated 

chloroform: presumptive cause of production of 3,4-dimethyl-5-phenyl-2-oxazolidones in methamphetamine. Forensic Toxicol 

2020, 38, 475–480, doi:10.1007/s11419-019-00517-7. 

11. Fuhrmann, A.; Gerzabek, M.H.; Watzinger, A. Effects of different chloroform stabilizers on the extraction efficiencies of 

phospholipid fatty acids from soils. Soil Biol. Biochem. 2009, 41, 428–430, doi:10.1016/j.soilbio.2008.11.014. 

12. Maudens, K.E.; Wille, S.M.R.; Lambert, W.E. Traces of phosgene in chloroform: consequences for extraction of anthracyclines. 

J. Chromatogr. B Analyt. Technol. Biomed. Life Sci. 2007, 848, 384–390, doi:10.1016/j.jchromb.2006.10.073. 

13. Verpoorte, R.; Choi, Y.H.; Mustafa, R.; Kim, H.K. Metabolomics: back to the basics. Phytochem. Rev. 2008, 7, 525–537. 

14. Moody, J.D.; Heinze, T.M.; Cerniglia, C.E. Fungal transformation of the tricyclic antidepressant amoxapine: Identification of 

N-carbomethoxy compounds formed as artifacts by phosgene in chloroform used for the extraction of metabolites. Biocatal. 

Biotransformation 2001, 19, 155–161, doi:10.3109/10242420109003642. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2022                   doi:10.20944/preprints202207.0055.v1

https://doi.org/10.20944/preprints202207.0055.v1

